Electrical excitation of the heart in a basal vertebrate, the European river lamprey (Lampetra fluviatilis).
Hagfishes and lampreys (order Cyclostomata) are living representatives of an ancient group of jawless vertebrates (class Agnatha). Studies on cyclostome hearts may provide insights into the evolution of the vertebrate heart and thereby increase our understanding of cardiac function in higher vertebrates, including mammals. To this end, electrical excitability of the heart in a basal vertebrate, the European river lamprey (Lampetra fluviatilis), was examined. Ion currents of cardiac myocytes, action potentials (APs) of atrial and ventricular muscle, and electrocardiogram (in vivo) were measured using the patch-clamp method, intracellular microelectrodes, and trailing wires, respectively. The characteristic features of fairly high heart rate (28.4 ± 3 beats min(-1)) and short AP duration (550 ± 44 and 122.1 ± 28.5 for ventricle and atrium, respectively) at low ambient temperature (5°C) are shared with cold-active teleost fishes. However, the ion current basis of the ventricular AP differs from that of other fishes. For inward currents, sodium current density (INa) is lower and calcium current density (ICa) higher than in teleost ventricles, while the kinetics of INa is slow and that of ICa is fast in comparison. Among the ventricular repolarizing currents, the delayed rectifier K(+) current is smaller than in myocytes of several teleost species. Unlike mammalian hearts, ATP-sensitive K(+) channels are constitutively open under normoxic conditions, thus contributing to negative resting membrane potential and repolarization of APs. Upstroke velocity of AP (5.4 ± 0.9 and 6.3 ± 0.6 V s(-1) for ventricular and atrial myocytes, respectively) is slower than in teleost hearts. Excitability of the lamprey heart seems to possess both primitive and advanced characteristics. Short APs are appropriate to support brief and vigorous contractions (in common with higher vertebrates), while relatively low AP upstroke velocities enable only relatively slow propagation of contraction over the heart.